Bacteriophage. The T2r and T6r+ strains did not require tryptophan for adsorption to the host cell. The stocks were obtained by confluent lysis of Esch. coli B (cf. Adams, 1950) on the surface of agar medium in 9 cm. diameter Petri dishes. Two layers of agar were used; the lower layer (20 ml.) contained 0-8% Bacto-tryptone (Difco), 0-5% NaCl and 2% agar. The upper layer (3 ml.) , which was seeded with about 5 x 107 bacteria and about 104 phage, contained the same amounts of tryptolle and NaCl but only 0-8% agar. The bacteriophage was purified by two cycles of differential centrifuging (Kozloff& Putnam, 1949) .
5-Methyltryptophan. This was kindly supplied by Dr S. S. Cohen. Infective centres. Infective centres (i.e. plaque-forming particles) were determined after suitable dilution in buffered saline, a double-layer technique (cf. Adams, 1950) being used. The agar layers were similar to those used in the preparation of the bacteriophage and the same amount of bacteria (5 x 107 cells) was added to the upper layer. The plaque count does not differentiate between free phage particles and infected cells which are capable of liberating phage.
Growth media. 'Lactate' medium was the 'F' medium of Cohen & Anderson (1946) . It contained sodium lactate and NH4Cl as sole sources of carbon and nitrogen respectively. 'Mannitol' medium was similar, except that the sodium lactate was replaced by 1% mannitol plus 0-IM-NaCl. Individual L-amino acids were added as required for the appropriate mutants at the following concentrations: tyrosine, 100 mg./L; histidine-HCl, 10 mg./l.; leucine, 50 mg./l. The purine-requiring mutants were grown with either adenine (7 mg./l.) or adenosine (15 mg./l.) as a supplement.
The mannitol medium was very suitable for experiments involving multiply infected cells (about 5 phage per bacterial cell) since there was little tendency for premature lysis. The medium was not, however, suitable for experiments with low multiplicities of infection (<0-05 phage per cell) as the singly infected cells gave very variable yields and latent periods. In the lactate medium, although premature lysis tended to occur on multiple infection, the yields and latent periods were more reproducible. In general, therefore, the lactate medium was used for experiments at low multiplicities of infection, and the mannitol medium for experiments involving multiply infected cells.
However, the mannitol medium, when supplemented with acid-hydrolysed casein (0-5% Difco casamino acids) and adenosine (15 mg./l.), gave reproducible phage yields and latent periods, and premature lysis did not follow multiple infection. Since this fortified medium was deficient in tryptophan it was used for all the experiments with the tryptophan-requiring strain and is designated as 'fortified mannitol medium'. To compensate for the NaCl present in the casein hydrolysate, the amount of NaCl added in making up this medium was only 0 084M, instead of 0-1OM in the unfortified mannitol medium.
Under conditions of multiple infection with T2r in the lactate or unfortified mannitol media, lysis was often delayed for 1 or 2 hr., although mature intracellular phage appeared at about 18 min. after infection. In the fortified mannitol medium there were visible signs of lysis (intense frothing followed by progressive clearing of the culture) at about 35 min. after infection provided that there was no interference with the phage multiplication by nutritional deficiency. Buffered saline. This contained 5-85 g. NaCl, 1-5 g. KH2PO4, 3-4 g. Na2HP04 and 10 mg. MgSO4 per 1.
Growth conditions. For each experiment, bacteria were freshly grown at 370 with good aeration to about 7 x 108 cells/ml. The medium used for the development of the infected cells was identical with that used for the growth of the host bacteria, except for the absence of the growth factor or the presence of the analogue. In all experiments where the behaviour in the absence of a growth factor was compared with that in its presence, a culture was washed and divided into two portions, to one of which the growth factor was added. Cultures were not aerated if the bacterial concentration was less than 105 cells/ml.; it was sufficient that the medium had previously been saturated with air.
Washing of celte. This was performed at 40 and required 30-45 min. The culture was centrifuged at 4000 rev./min. for 5 min. in the Servall-type SS-1 centrifuge, the pellet suspended in the original volume of buffered saline, centrifuged and then resuspended. The resuspending fluid was buffered saline if the cells were to be infected with a low ratio (<0 1) of phage particles to bacterial cells. In order to minimize premature lysis when multiply infected cells were required the resuspending medium was similar to the original growth medium except that it lacked the appropriate amino acid or purine.
After decanting the supernatant fluids from the pellets, excess of fluid was removed from the internal walls of the centrifuge tube by means of absorbent tissue.
One-step growth experiments. Washed bacteria (about 7 x 108 viable cells/ml.) were infected in buffered saline with 107 bacteriophage per ml. and 5 min. at 370 allowed for adsorption. Measured portions were then diluted 103-fold into two tubes of medium, one containing and one lacking the required growth factor. In studying the delayed addition of the growth factor tenfold dilutions were subsequently made from both tubes into fresh medium which, when necessary, contained the growth factor.
Bacteriophage liberation was followed by plaque count.
Under these conditions the bacteriophage are liberated at a very low concentration of bacterial cells, so that the rate of adsorption on the uninfected cells present is very slow. A single cycle of bacteriophage growth is thus studied.
Ultraviolet irradiation experiments. Cells were infected as in the one-step growth experiments and then cooled in an ice bath. Samples were diluted 50-fold into growth media from which, at intervals, 0.1 ml. samples were diluted 20-fold into buffered saline and immediately exposed to ultraviolet light in Petri dishes of 9 cm. diameter. During exposure the dishes were gently shaken on the horizontal I955 platform of a rotary shaker; the platform was 33 cm. below a 15w germicidal lamp and the exposure time was usually 7 sec. The infective centres surviving the irradiation were determined by plaque count.
Chemical analyses
Nucleic acid. A 10 ml. sample of the culture containing about 5 x 109 cells was mixed with 0-22 ml. 70% (w/w) HC104. After about 2 hr. at 40, it was centrifuged in a tapered centrifuge tube and the precipitate resuspended in 3 ml. water. N-HC104 (0.75 ml.) was then added and the sample was recentrifuged after about 30 min. at 4°. The pellet was twice extracted with 4 ml. 0-5N-HC104 for 10 min. at 700 and the extracts, which contained the nucleic acids, were combined.
DNA was estimated by mixing 2 ml. of the extract with 0 1 ml. 0-07M acetaldehyde and 4 ml. diphenylamine reagent (7-5 g. steam-distilled diphenylamine dissolved in 500 ml. acetic acid plus 7-5 ml. conc. H2S04). After 16-25 hr. at 25-30°the optical density was read in a Beckman spectrophotometer at 600 m. and compared with that given by calf-thymus DNA of known phosphorus content.
The standard DNA was heated for 15 min. at 700 in 0-5N-HC104 before mixing with the reagent. The intensity of colour is very nearly proportional to the amount of DNA present; 02 ,umole DNA phosphorus or 0 1,4mole 2-deoxy-L-ribose results in an optical density of about 0 35 at 600 m,. This modified diphenylamine reaction is an improvement over the usual procedure (Dische, 1930) involving heating with the reagent at 1000 for 10 min. in that it is more sensitive and specific and is much less susceptible to interference by other compounds. Five mg. of a commercial yeast RNA preparation gave the same reading as 0 011 mg. DNA, and 4 mg. each of several substances, including fructose, sucrose, starch, glycogen, glucosamine, ascorbic acid, rhamnose, ribose, acid-hydrolysed casein and tryptophan, gave less colour than 1-5 ,ug. DNA. Except for ascorbic acid, which suppresses the colour development, none of these compounds influenced the amount of colour obtained from DNA. The method is at least as sensitive and specific as those of Cohen (1944) , Stumpf (1947) and Ceriotti (1952) . Further properties of the reaction will be described in a later publication.
The results are expressed as moles DNA-nucleotide by comparison with calf-thumus DNA. Diphenylamine appears to react with the sugar derived from the purine nucleotides of the DNA, but not with that derived from the pyrimidine nucleotides, since the latter are not hydrolysed under the conditions used, whereas purine deoxyribose derivatives are very labile to acid. DNA's of different origins, including calf thymus, Esch. coli and T2 bacteriophage, all have a purine/pyrimidine ratio very close to unity (Chargaff, 1955) ; they are therefore all expected to give the same amount of colour with diphenylamine for the same amount of DNA nucleotide.
The RNA values are obtained by the orcinol method (Ogur & Rosen, 1950) , with ribose as a standard and a heating time of 45 min. at 100°. To make them comparable with the DNA values they are arbitrarily expressed as RNA nucleotide on the assumption that 1 mole ribose is equivalent to 2 moles RNA nucleotide.
Purines and pyrimidines. These were determined in the DNA of the cultures by the procedure of Hershey et al. (1953) . The procedure involves separation of the DNA fraction after alkaline degradation of the RNA, hydrolysis by 6N-HC1 followed by paper chromatography and spectrophotometric analysis of the bases.
RESULTS
Amino acid requirementM for bacteriophage developnent One-step growth experiments showed that each of the four amino acid-requiring mutants did not support the growth of T2r or of T6r+ in the absence of the required amino acid. In the presence of the amino acid the latent period and burst sizes were similar to those obtained with the wild-type strain. amino acid less than the equivalent of about 2 min. of normal bacteriophage development takes place, despite the presence of all other essential nutrients; development appears to continue normally when the amino acid is subsequently supplied. If a required amino acid is withdrawn after the infected cells have been in a complete medium for several minutes, there is again a suspension of phage development which is resumed on later addition of the amino acid. In the experiment shown in Fig. 3 These results are analogous to those of Cohen & Fowler (1947) on the action of 5-methyltryptophan. The inhibition of phage and bacterial growth due to this compound are reversed by tryptophan in accordance with the concept that the analogue inhibits the biosynthesis of tryptophan.
Delayed addition experiments, while very suggestive are, however, ambiguous since the same results could be obtained by partial development in the absence of the amino acid followed by a slower than normal development when the amino acid was added. For this reason the ultraviolet sensitivity of the infected cells was studied as another indication of their development.
the increase in the resistance to ultraviolet light is greatest in cultures which have been infected with a low ratio (0.01-0. Ultraviolet sen8itirvty of infected cells Irradiation of phage-infected cells with ultraviolet light reduces the number of cells which can yield bacteriophage, the radiation sensitivity depending on the state of development at the time of irradiation (Luria & Latarjet, 1947) . After the doses of irradiation used in the present experiments, between 12 and 25 % of the infected cells are able to yield phage if irradiated immediately after the infection with phage. During the first 5 min. of development in growth medium the cells start to become much less sensitive. If irradiated with the same doses after 20-25 min. in the growth medium, more than 95 % of the infected cells are able to yield phage. As shown by Luria & Dulbecco (1949) With each of the four amino acid-requiring mutants used in this work, the appropriate amino acid has been found to be essential for the change in ultraviolet sensitivity of cells infected with either the T2r or the T6r+ bacteriophage (e.g. Fig. 4 ). This is taken to indicate that an early stage in the development of phage-infected cells requires these four amino acids. The change of sensitivity requires a source of metabolic energy for the infected cells (Benzer, 1952; Benzer & Jacob, 1953) .
It should be noted that Luria & Latarjet (1947) consider that the primary effect of ultraviolet irradiation is on the intracellular phage rather than on the host cell. Perhaps the most striking evidence for this view is that bacteria which have been killed by ultraviolet irradiation are still capable of supporting phage growth. Immediately after infection with a single T2 bacteriophage, the ability of the cells to form phage is much more susceptible to the irradiation than is the viability of the uninfected cells.
I955 476 E.BURTON Ad8orption and inva8son Since amino acids are needed early in the infective cycle it must be considered whether the adsorption of the infecting phage and the introduction of viral DNA into the host cell require a supply of amino acids. In most of the above experiments, it is clear that the primary attachment of the phage to the bacterial cell (Puck, 1953) must have occurred before dilution into the growth medium containing amino acids. Otherwise, the rate of attachment in the diluted cultures would have been too slow for any appreciable development to occur. Hershey & Chase's (1952) experiments on the introduction of the phage DNA into the host cell do not exclude an amino acid requirement for this step, because the bacteria had not been washed free of the nutrient broth in which they had been grown. To investigate this possibility the tyrosinerequiring mutant was grown in mannitol medium supplemented with tyrosine, washed and resuspended at 109 cells/ml. in medium lacking tyrosine. Bacteriophage T2r (2 x 108/ml.) were then added.
After 4 min. at 370 for adsorption, a sample was diluted with 20 vol. of mannitol medium at 00 and treated in the Waring Blendor for 5 min. No infective centres were destroyed. In another experiment, the conditions of Hershey & Chase (1952) were followed except that the tyrosine mutant was used and washed in buffered saline before infecting with phage. After treatment in the Blendor for 8 min., 90 % of the original number of infective centres were sedimentable at 2000 g in 10 min. and 7 % remained in the supernatant. The infective centres therefore consisted of infected bacteria and not of free phage.
The shearing forces produced in the Blendor remove the bulk of the phage protein from infected cells within a few minutes, so that, if the infective portion of the phage had not entered the cell it would have been removed with the phage protein.
This would have caused a loss of sedimentable infective centres.
In another experiment, which essentially followed the procedure of Anderson (1953) , it was shown that, after infecting the histidine-requiring E8ch.
coli, 80 % of the infective centres became resistant to osmotic shock in 5 min., independent of the presence of histidine. In this experiment, the washed bacteria (7 x 108 cells/ml.) were suspended in a mixture of 4 vol. mannitol medium and 1 vol. glycerol before infecting with T2r (0 04 phage per bacterium) which had previously been incubated in the glycerol-containing medium for 30 min. at 37°. Samples were subjected to osmotic shock by rapid dilution into 100 vol. of water. At least 99 % of the free phage are inactivated by this treatment and the resistance which develops in the presence of the bacteria is presumably an indication of the entry of the DNA of the infecting bacteriophage into the host cell.
Effect s of purine defciency Delayed addition (Figs. 5, 6 ) and ultraviolet sensitivity experiments with the purine-requiring mutants (Fig. 7) showed that an external source of purine was not required for the early stages of development. In some experiments, particularly with strain B-96, there was a small yield of phage (average of 2-4 per cell) in the absence of a purine or available derivative. With strain B-96 in mannitol medium, the amounts of RNA and DNA were found to remain constant in the absence of purines whether the bacteria were infected with phage or not. The results with strain B-38 (adenine-) were somewhat variable, but in all cases they indicated an appreciable development in the absence of a source of adenine. However, sometimes, as in Fig. 7 , the development appeared to be slower in the absence of adenine, while in other experiments the increase in the resistance to ultraviolet light was similar to that obtained in the presence of adenine. Metabolism of bacteria infected with bacteriophage In studying the chemical changes in phageinfected bacteria it is desirable that practically all the cells should be infected with bacteriophage; this is not necessary, and indeed is often not desirable, in experiments such as those described above where the development of infected cells is studied by techniques which are not interfered with by the presence of uninfected cells. The following experiments were therefore performed with multiplicities of infection (ratio of infecting phage particles to bacterial cells) of between 5 and 10 and viable counts were routinely performed before and after adding the phage to check that at least 98 % of the cells were killed by the bacteriophage. Plaque counts were also performed when adsorption was complete and the number of infective centres were usually found to be within 10% of the original number of viable bacterial cells.
Respiration. The 02 consumption of the tyrosinerequiring mutant in the mannitol medium was followed for 30 min. after the infection with phage Cohen & Anderson (1946) , cells infected with bacteriophage T2 respire at the same rate as uninfected cells; the respiration of infected cells is constant until the time of lysis. Nucleic acid 8ynthe8i8. Cohen (1948) showed that there is no net synthesis of RNA in Esch. coli infected with bacteriophage T2 and that the net synthesis of DNA, although suspended for about the first 8 min., soon occurs at a faster rate than the synthesis of DNA in comparable uninfected cultures. As shown in Tables 1 and 2 , T2-infected cultures of the mutants requiring tyrosine or tryptophan did not synthesize DNA unless the appropriate amino acid was present. In these and in most similar experiments, the amount of RNA remained constant until the time of lysis. In some cultures, however, the RNA decreased by 20-30 % of the initial content, and the decrease in turbidity indicated that premature lysis had occurred.
In contrast to the behaviour of infected cells, uninfected cells continued to synthesize both RNA and DNA in the absence of a required amino acid, but at reduced rates (Table 3) . Sands & Roberts (1952) studied the incorporation of 32p into the which mature intracellular phage normally appears. The following experiments show that the synthesis of DNA does not require tyrosine or tryptophan during the later stages of the infective cycle.
The mutant strains of bacteria were infected with T2r in the presence of the required amino acid, which was removed by centrifuging at about 5 min. after the infection. The synthesis of DNA continued at almost the same rate in the absence of the amino acid as when the amino acid was supplied (Table 4) . However, as expected from experiments with singly infected cells, the amino acid was essential for the appearance of mature phage. The values for the infective centres shown in Table 4 were obtained both in the usual way after diluting in buffered saline and also after cyanide treatment. This involved dilution in buffered saline containing O-OlM-NaCN to about 1000 infected cells per ml. and heating at 450 for 5 min. before taking samples for plaque counting. The cyanide treatment does not affect free phage but causes a large proportion of the infected cells to lyse and liberate any mature phage they may contain. An increase in the infective centres due to the cyanide treatment therefore indicates the presence of infected cells containing more than one phage particle per cell. Infected cells which do not contain phage will not give rise to plaques if they are lysed by the cyanide treatment; a fall in the infective centres due to the Table 3 . Tyro8ine and the 8ynthesi8 of nucleic acid8 in tyro8ine-requitring Esch. coli nucleic acids of a mutant of E8ch. coli which required both histidine and tryptophan. In qualitative agreement with the results of Table 3 , Sands & Roberts found that, in the absence of one or both of the required amino acids, the incorporation of 32p into the RNA and the DNA fractions was reduced but not completely abolished.
In the previous section of this paper, it was shown that tyrosine was necessary for the development of bacteriophage not only in the first few minutes after infection but also at later times. Cohen & Fowler's (1947) experiments with 5-methyltryptophan also indicate that amino acids are essential throughout the period of bacteriophage development, even as late as the time at cyanide treatment therefore indicates that the infected cells contain an average of less than one phage per cell. Cells which do not contain phage are not so readily lysed in the cyanide as those which do contain phage.
Results analogous to those in Table 4 were obtained by adding 5-methyltryptophan at various times after infecting the wild-type strain with bacteriophage (Fig. 8) . The rate of DNA synthesis with 5-methyltryptophan added 7 min. after the infection was 50-60 % of the rate of synthesis observed in the absence of the analogue. In the presence of 5-methyltryptophan, lysis did not occur within the experimental period of 2 hr. and no liberation of mature phage was detected. As Vol. 6I Table 4 . Deoxyribonucleic acid synthe8i8 and bacteriophage formation when amino acid8 required by ho8t bacteria are withdrawn from phage-infected cells Expt. 1. Tyrosine-requiring E8ch. coli (9 x 108 cells/ml.) washed and infected at 370 with 4 x 109 T2r/ml. in aerated mannitol medium containing 3 mg./I. L-tyrosine. After 5 min. centrifuged at 40 and re-suspended in fresh medium.
A with L-tyrosine (40 mg./l.); B no tyrosine.
Expt. 2. Tryptophan-requiring Esch. coli (9 x 108/ml.) washed and infected with 5 x 109 T2r/ml. in aerated fortified mannitol medium containing 1 mg./l. L-tryptophan. After 3-5 min. centrifuged and re-suspended in fresh medium. A with L-tryptophan (10 mg./l.); B no tryptophan. previously shown by Cohen (1948) , when the inhibitor was added before the infecting phage there was no net synthesis of DNA.
Appearance of 5-hydroxymethylcytoaine in the DNA The DNA of T2 bacteriophage contains 5-hydroxymethylcytosine (Wyatt & Cohen, 1953) and no cytosine, whereas the bacterial DNA, like all other DNA samples which have been examined, contains cytosine but no 5-hydroxymethylcytosine. It was therefore of interest to estimate the 5-hydroxymethylcytosine in the DNA fraction of infected cells under the various conditions (Table 5 ). It was found that, if tryptophan had been removed from strain B/i,t, or if 5-methyltryptophan had been added to the wild-type strain before infection, there was virtually no appearance of 5-hydroxymethylcytosine, and as shown in the above experiments there was no DNA synthesis. When development was allowed to continue normally for some minutes after phage infection before interfering with the availability of tryptophan, the DNA which was synthesized contained 5-hydroxymethylcytosine, and the amount of cytosine decreased. It will be seen from Table 5 that Barner & Cohen (1954) found that bacteriophage T2 induces the synthesis of thymine in a thymine-requiring mutant of E8ch. coli, the ,,, 0:
evidence in the present work is that the phage does°n ot induce the synthesis of the amino acids and purines required by the six mutants which have been studied. Each of the four amino acid-re-:
quiring mutants has been found to require the i* strain. This is consistent with the absence of any increase of the respiration rate following the infection with phage (Cohen & Anderson, 1946) . It also indicates that the requirement for tryptophan o e & 4 cannot be due to its possible role as a precursor of Co^nicotinamide.
The amino-acid requirements for phage development and also the inhibition by 5-methyltryptos phan (Cohen & Fowler, 1947) show that the (Cohen, 1948; Raff & Cohen, d , g 3 g 1950) and that almost all the bacteriophage protein synthesis of protein, it would follow that the first stage of the infective cycle necessitating protein synthesis occurs after the introduction of the DNA of the infecting phage into the bacterial cell. It precedes the decrease in the ultraviolet sensitivity, the conversion of bacterial DNA into DNA containing the characteristic viral pyrimidine (5-hydroxymethylcytosine) and the net synthesis of DNA. If no tyrosine or tryptophan is available during later stages of the phage development, the synthesis of bacteriophage DNA continues although no mature phage appear. These phenomena suggest that the first proteins synthesized after infection include the enzymes and/or templates necessary for synthesizing the phage-specific DNA which differs from the bacterial DNA. Once the synthesis of this DNA has been initiated, it can continue independently of the synthesis of proteins containing tyrosine or tryptophan. This independence may be related to the fact that uninfected amino acid-requiring bacteria can synthesize nucleic acids in the absence of amino acids required for growth.
Recently, two groups of workers have been studying the action of chloramphenicol on T2-infected E8ch. coli (Melechen; Rosenbaum, Halvorson, Preston & Levinthal, private communications). The drug appears to act similarly to 5-methyltryptophan in that it can, under suitable conditions, inhibit the synthesis of DNA if added before the infecting phage; if added 10 min. after the infection it allows DNA synthesis to continue but still prevents bacteriophage formation. In uninfected bacteria, chloramphenicol inhibits the synthesis of bacterial protein without inhibiting the synthesis of bacterial nucleic acid (Gale & Folkes, 1953; Wisseman, Smadel, Hahn & Hopps, 1954) .
The conclusions of this paper are related to the findings of Hershey, Garen, Fraser & Hudis (1954) , who studied the incorporation of 35S from inorganic sulphate into the protein of infected cells and the subsequent appearance of the tracer in the phage protein. Their results show that only about 10% of the sulphur incorporated by the cells during the first 5 min. after infection appears in the mature phage, whereas at later times 50-60 % of the incorporated sulphur appears in the phage. Hence it is likely that the proteins which are required to be synthesized in order to initiate the synthesis of DNA do not themselves form part of the structure of the bacteriophage. SUMMARY 1. By the use of amino acid-requiring mutants of E8cherichia coli B as host cells, histidine, leucine, tryptophan and tyrosine have been shown to be required for the multiplication of T2 bacteriophage after the entry of the deoxyribonucleic acid (DNA) of the infecting phage into the host. Without the required amino acid the infected cells cannot develop the increased resistance to the action of ultraviolet light in suppressing the formation of bacteriophage.
2. The amino acid requirements for the synthesis of bacteriophage DNA were studied using two of the strains (tyrosine-or tryptophanrequiring). In the absence of the required amino acid at the time of infection, there was no net synthesis of DNA and no appearance of the characteristic T2 pyrimidine (5-hydroxymethylcytosine) in the DNA of the infected cells.
3. When the amino acid was present for the first 5 min. after infection and then removed by washing the infected cells, no mature bacteriophage appeared, but DNA (containing 5-hydroxymethylcytosine) was synthesized at about 80% of the rate which occurred when the amino acid was present.
4. Analogous results were obtained with the wild-type strain of E8ch. coli B and an antimetabolite (5-methyltryptophan) which prevents the biosynthesis of tryptophan. When added 3 min. before the infecting bacteriophage there was no net synthesis of DNA and little 5-hydroxymethylcytosine appeared in the DNA of the infected cells. When 5-methyltryptophan was added 7 min. after the infecting bacteriophage, no mature bacteriophage was formed, but DNA containing 5-hydroxymethylcytosine was synthesized at about 60% of the normal rate. 5. It is concluded that, after infection of the host cell, there must be a synthesis of protein before the synthesis of the characteristic bacteriophage DNA is initiated. When these proteins have been synthesized, the synthesis of bacteriophage DNA is largely independent of the synthesis of proteins containing tyrosine or tryptophan, although further protein synthesis is necessary for bacteriophage formation.
6. Some experiments with purine-requiring mutants as host bacteria are also described. Purines were not required to be present in the growth medium during the early stages of bacteriophage development. Presumably the DNA of the host cell is utilized for the bacteriophage development.
